Near-infrared reflectance spectra, multispectral images, and photogeologic data for the Schiller-Schickard (SS) region were obtained and analyzed in order to determine the composition and origin of a variety of geologic units. These include light plains deposits, Orientale-related deposits, mare units, and dark-haloed impact craters (DHCs). Spectral data indicate that the preOrientale highland surface was dominated by noritic anorthosite.
Introduction
The area around the craters Schiller and Schickard, near the extreme southwestern limb of the Moon's Earth-facing hemisphere (Figure 1 ), contains numerous unusual features which have provoked controversy since the early days of lunar study. These include the crater Wargentin, whose floor is topographically higher than the surrounding terrain; the SchillerZucchius impact basin [Hartmann and Wood, 1971] ; the large crater Schickard (diameter 227 km), whose floor contains distinct mare deposits as well as a light plains unit; the elongated crater Schiller; a high density of dark-haloed impact craters [Schultz and Spudis, 1979] ; and Orientale secondary craters ( Figure 2 ). We chose to study several of these features in detail because of their possible significance in understanding the complex geologic history of the region. A number of light plains deposits are found in the SchillerSchickard region. The nature and origin of light plains have been a long-standing problem in lunar geology.
This flat, smooth landform, which covers some 4-7% of the nearside [Oberbeck et al., 1974] , often appears to have ponded in depressions and is characterized by crater densities and albedos intermediate between those of the highlands and the maria. Prior to the Apollo 16 mission in 1972, light plains were interpreted by some geologic mappers to be of volcanic origin, perhaps ash sheets or Copyright 1995 by the American Geophysical Union.
Paper number95JE01409. 0148-0227/95/95JE-01409505.00 low-viscosity silicic lavas [e.g., Hackman, 1966; Milton and Hodges, 1972; Wilhelms, 1976] . Apollo 16 sampled the Cayley Formation, an archetypal light plains unit, and discovered nonvolcanic breccias, forcing a reinterpretation of the origin of light plains units [e.g., Eggleton and Schaber, 1972; Wilhelms, 1976 Wilhelms, , 1987 .
Currently, several origins for light plains are recognized [Blewett et aL, 1993; Head et aL, 1993b] . These include possible tree volcanic light plains (the Apennine Bench formation [Hawke and Head, 1978; Spudis, 1978; Spudis et al., 1988] ); and plains containing much impact melt (Orientale interior [Head, 1974] ). A third type of light plains is thought to be related to the emplacement of ejecta from basin-forming impacts [Eggleton and Schaber, 1972] . Since Apollo, the important role of ballistic erosion and sedimentation in lunar stratigraphy has been emphasized [Oberbeck, 1975] . A key question concerning the ballistic erosion model of basin ejecta emplacement is the role of "local mixing" in the formation of the distal basin deposits. Local mixing refers to the disruption of the preimpact surface by secondary craters and the incorporation of this local material with primary ejecta in the resulting deposit.
The light plains in the Schiller-Schickard (SS) region represent an important subtype of the basin ejecta-related light plains, involving the burial of mare basalts. Remote sensing studies by Hawke and Bell [1981] and Bell and Hawke [1984] have confirmed the hypothesis of Schultz and Spudis [1979] that the dark-haloed impact craters (DHCs) in the SS region formed when ancient mare basalts were excavated from beneath a higheralbedo plains unit emplaced by the Orientale basin-forming impact. A hidden mare deposit of this kind has been referred to , 1984] . The preliminary spectral studies of Blewett et al. [1991, 1992] and observations by the Galileo spacecraft during its first Earth-Moon encounter [Belton et al., 1992; Head et al., 1993a] showed that the light plains in the floor of Schickard have a greater marie mineral content than the surrounding highlands.
This was attributed to the presence of a mare basalt component. 
Methods

Collection and Analysis of Near-IR Spectra
The majority of the near-infrared reflectance spectra used in this study were 
Ie.Iloods model calculations were executed with a routine in the image processing system described by Kruse et al. [1993] . The program found the best fit end-member fractions for each pixel, subject to the constraints that the individual end-member abundances were >0 and the sum of the abundances was <i, such that the rms difference between the data and model spectra was minimum.
Linear mixing was assumed. Linear models provide good firstorder results and do not require the data to be of high photometric accuracy, as do intimate mixture models. Given are area abundances of mature highlands (Apollo 16) and mature mare (Schickard mare N 2) end-members.
Results and Discussion
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plains spectra (similar to that described in the previous section) shows that a combination of-15% highland debris with 85% marc material can provide a good match (Figures 7, 8 , Table   3 ).
The The selection of these endmembers accords with the PCA of the near-lR spectra (Figure 7) , which indicated the presence of two mare and two highland spectral types.
For the "final" mixing analysis, both image cubes were unmixed using the constrained model (end-member fractions must be >0 and sum to <1) and the four end-members described above.
Constraint violations occurred in a small number of pixels (<1.5% of the total), mostly because of a few small craters that are brighter than the selected end-members. The analysis produced an abundance image for each of the end-members, an image depicting the sum of the end-member fractions, and an rms error image. The error images for each scene show that good fits (-1%) were obtained over the whole region, with the exception Shown is the model abundance of the mature mare endmember, density sliced to 25% increments.
Black, 0-25%; dark grey, 26-50%; light grey, 51-75%; white, 76-100%.
The projection is the same as that of Figure 9 . Figure  11 . These have been discussed in detail by a number of workers [e.g., Eggleton and Schaber, 1972; Chao, 1974; Oberbeck, 1975; Oberbeck et al., 1974 Oberbeck et al., , 1975a Head and Hawke, 1975; Hawke and Head, 1978; Moore et al., 1974; Wilhelms, 1987] . One model ( Figure   1 A study of the rays by Pieters et al. [1985] found that the proportion of mare to highland spectral types in the rays was consistent with the ballistic erosion model. The plotted values in Figure ! 2 1987] . The impact angle in both cases was assumed to be 75" from the vertical.
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